ABSTRACT.-Morphological, cytological and taxonomical analyses of Asplenium delitescens and A. laetum in Cuba resulted in the recognition of both species belonging to the genus Hymenasplenium Hayata. The combinations of the Neotropical species to this genus are presented. Some remarks on gametophyte morphology of H. delitescens are included.
monophyletic status of Hymenasplenium (Murakami et al., 1999; Gastony and Johnson, 2001; Schneider et al., 2004) . Schneider et al. (2004) also pointed out that no hybrids have been found between Hymenasplenium and Asplenium species, although hybrids are otherwise common in Aspleniaceae.
The genus Hymenasplenium is defined by the unusual dorsiventral vascular system in long creeping rhizomes, swollen petiole bases and a chromosome number of x539, 38, which differ from the radially symmetrical steles, non swollen petiole bases and chromosome number of x536 typical of Asplenium (Murakami and Moran, 1993) .
In the taxonomic treatment of Aspleniaceae for the ''Flora de la Repú blica de Cuba'', we recognized only Asplenium L. and Schaffneria Fée ex T. Moore (Sánchez and Regalado, 2003) . We recorded two Cuban species of sect. Hymenasplenium, Asplenium delitescens (Maxon) L. D. Gó mez and A. laetum Sw. We decided to treat both species within Asplenium because we could not reliably verify the chromosome numbers of both species. The only cytological data so far available for Asplenium laetum was a report of a sexual diploid cytotype from Jamaica with 2n572 (Walker, 1966) , which corresponds with chromosome numbers found in Asplenium (Murakami and Moran, 1993) . While Asplenium laetum is a rather common rupestral species growing along streams in evergreen mountain rain forests ( Fig. 1) , A. delitescens has not been collected in the Cuban territory since 1914. Even though it was described from Cuba (Maxon, 1908) , no specimens were deposited in Cuban herbaria. We could only study the pictures of type specimens (US, NY) and two specimens at Stockholm (S), encompassing the total amount of known Cuban collections.
In 2004, we rediscovered a population of Asplenium delitescens in Eastern Cuba, giving us the opportunity to examine the chromosome number and the viability of the spores. We here present the results of our morphological, palynological, anatomical and cytological analyses of these species and their taxonomic position in regard to Hymenasplenium and some remarks on the gametophyte morphology of A. delitescens. The new combinations of Neotropical species to Hymenasplenium are also included.
MATERIALS AND METHODS
The first specimen of Asplenium delitescens was collected in San Luis region in Eastern Cuba, by Pollard and Palmer in 1902, and formed the basis of the description of this species (Maxon 1908 Cytology.-For the cytological analysis, immature sporangia of A. delitescens were fixed in the field with glacial acetic acid/ethanol (1:3) and conserved at 4 uC until the processing for observing chromosomes in meiosis. (Soriguer et al., 1993) .
Micromorphology.-Samples for studies of epidermis, indusia, and spores are listed after the examined specimens. Surfaces of spores were studied in dry samples from herbarium specimens fixed on stubs with double-sided tape and coated with gold palladium (Au/Pd, c. 20 nm) and examined using a SEM Jeol JSM 25 S-11 in the Laboratory of Palynology of the Swedish Museum of Natural History and a SEM Hitachi S-3000-N at the Real Jardín Botánico de Madrid. Values of stomata and spore length (major equatorial diameter) are reported as the average of 30 measures per sample; sizes are expressed as minimum, mean and maximum length. Terminology proposed by Punt et al. (1994) was followed for descriptions.
Anatomy of stipe cross sections.-Stipes were distally cut, about 2 mm below the basal pair of pinnae. Materials used for sectioning are cited after the examined specimens. They were fixed in formalin-acetic acid-alcohol solution and free-hand cross sections were made with razor blades. Petioles were cleared in 3% NaOCl solution for 3 minutes and were washed in distilled water for 2-3 minutes. Sections were stained with toluidine blue and mounted in permanent slides. For section descriptions, the terminology of Lin and De Vol (1977) was followed.
Spore sowing and gametophyte development.-Spores for cultures were taken from a sporophyte of A. delitescens (Regalado et al. 42361HAC) . Spores were sown on mineral agar (Dyer, 1979) in Petri dishes (6 cm diameter) for the study of germination percentage and first stages of prothallial development. The cultures were kept in a growth chamber at 20uC at 12 hours of illumination with fluorescent tubes (28 mEm 22 s 21 )/12 hours dark overnight. These cultures were maintained with enough humidity to ensure sexual contact among the gametophytes. Gametophytes were stained with chloral hydrate acetocarmine (Edwards and Miller, 1972) and mounted in water for the morphological study. The classification of Nayar and Kaur (1968) for spore germination and the categorization of gametophyte type of development from Nayar and Kaur (1971) were followed.
RESULTS
External morphology.-Asplenium delitescens and A. laetum share several morphological characters as having creeping rhizomes, swollen petiolar bases, 1-pinnate herbaceous laminae with scattered filiform scales over the rachises; veins 1-2 forked, sori occasionally diplazioid (Table 1) . They differ in following characters: Asplenium delitescens has dull greenish brown petioles, lanceolate pinnae, and deltate, abruptly reduced laminae ending in a deltate apical portion, whereas A. laetum has lustrous dark brown petioles, trapezoid dimidiate pinnae, and lanceolate or oblong-lanceolate, gradually reduced laminae with fragile pinnatifid apical portions (Fig. 2) . Micromorphology.-Both species have similar patterns in structure of scales, epidermis, indusia and spores. Typical features of Aspleniaceae are clathrate petiole scales with glandular tips when young. These are reddish brown, filiform linear-lanceolate in both species, but have entire margins in A. laetum and some marginal projections ending in glands in A. delitescens (Fig. 3) . Epidermal cells have undulate anticlinal walls in each surface, and stomata are mainly basipolocytic. Anticlinal walls of the subsidiary cells are straight in A. laetum while they are slightly sinuous in A. delitescens. Stomata length is Indusia are structured into two different zones. The distal zone is composed of rectangular cells with slender anticlinal walls, irregularly situated. Proximal cells are rather radial symmetric and they are arranged with their major axis parallel to the indusial margin (Fig. 4) . Upper indusium surface is also smooth in these species.
The spores of both species have an echinolophate perispore, with slim folds forming regular lacunae in A. delitescens and irregular ones in A. laetum. The surface of the lacunae is rugulate to microechinate (Fig. 5) . Mean values of spore length measured along the major equatorial diameter were (30-) 34 (-35) mm in A. delitescens and (30-) 35.7 (-45) in A. laetum. Most of the examined samples of A. laetum presented abortive sporangia and spores.
Stipe anatomical characters.-Stipes of both species have oval transverse sections with a deep adaxial groove (Fig. 6) . From periphery to center, stipe sections have a monostratified epidermal layer, with uniform polygonal isodiametric cells. The epidermis is covered with a thin and smooth cuticle. The ground tissue consists of several regularly thin-walled cells of parenchyma. A sclerenchyma zone of 4-5 cell layers is found in the abaxial cortex, near to the epidermis. Sclerenchyma also forms a ring that surrounds the central vascular bundle. One to two small bundles can be found in the adaxial groove sides. These bundles are enclosed by a single-layered endodermis. An internal X shaped xylem strand (curved-shaped xylem strand in smallest bundles) is surrounded by phloem (Fig. 6) and parenchyma.
Cytology.-Meiosis in Asplenium delitescens was studied in four spore mother cells, from a plant fixed on 17 October 2005 and showed 78 regular pairs (Fig. 7) , being tetraploid, with basic chromosome number of 39.
Spore germination and gametophyte development of Asplenium delitescens.-Spore germination rate was 20%, which can be considered a low percentage. One reason for this fact could be that spores were somewhat immature at time of harvest. Spore germination follows the Vittaria type and the gametophyte pursues the Adiantum type of development, according to the classification of Kaur (1968, 1971) . A cuneiform submarginal cell originates the meristem; the bidimensional phase starts with the longitudinal division of a subapical cell in a filament of two or three cells. Mature prothalli have the typical cordate shape, a few longer than broad in first stages, and gametangia of both sexes occur mixed in the central stripe (Fig. 8) . Gametophyte morphology of H. delitescens, observed from lab cultures reveals the typical cordate-shaped gametophytes, characteristic of terrestrial species, according to Farrar et al. (2008) . Although both antheridia and archegonia of normal aspect were formed in gametophytes of A. delitescens, no sporophytes were produced in cultures after two years from spore sowing.
DISCUSSION
External morphology and stipe anatomy.-Characters shared by Asplenium delitescens and A. laetum are creeping (always short creeping in A. laetum) rhizomes, swollen petiole bases, and occasionally diplazioid sori, which are also defining characteristics of the genus Hymenasplenium (Iwatsuki, 1975) . Other characters that relate these species to Hymenasplenium are the adaxially shallowly grooved rachises and costae, which were first observed in Asiatic species by Iwatsuki (1975) . Murakami and Moran (1993) used this character in a comparison between the Neotropical species A. delitescens and A. abscissum Willd. These species have very similar laminar architecture and pinnae shape and can be confused if the rhizomes are absent. Asplenium abscissum, as other Asplenium species, has erect rhizomes and rounded cross sections of stipes, rachises and costae even in dried specimens, with adaxial wings of parenchyma, while A. delitescens and A. laetum have adaxially grooved, not winged, stipes, rachises and costae (Fig. 6) .
Spores and chromosome number.-A common spore ornamentation pattern (Murakami and Moran, 1993) was observed in both species. Most of the Cuban specimens of Asplenium laetum are sterile hybrids producing a high percentage of aborted spores. From 12 examined samples, only three specimens Maxon 4158 (S) and Sá nchez et al. 79402, 79495 (HAJB) show some well-formed spores. Murakami and Moran (1993) cited 16 specimens from Belize, Costa Rica, Venezuela, Colombia, Ecuador, Peru and Bolivia as presumable hybrids, having intermediate morphology between Asplenium delitescens and A. laetum, most of them with aborted spores. However, 10 Cuban specimens (Wright 1026 (G, K, L, MO, NY, S, UC) and Wright 1086 (BM, G, K)) were cited by Murakami and Moran (1993) as Asplenium laetum, not under the hybrid section of their monograph. Our examined samples of Wright 1026, 1086 (HAC) had collapsed sporangia and malformed spores. Since all these specimens probably belong to the same populations, this fact suggests that normal and hybrid specimens can be found living together.
From 24 described species of the genus/sect. Hymenasplenium, 67% have been checked for their chromosome number: 50% of them have x539, 13% show x536 (A. laetum, A. triquetrum N. Murak. & R. Moran and H. costarisorum N. Murak. & X. Cheng), 4% possess x538 (H. subnormale Copel.) and 33% remain unchecked. This unchecked percentage belongs mainly to Neotropical species. Our chromosome counts of x539 for Asplenium delitescens agree with the reported number for Asplenium repandulum Kunze Mickel, 1977, rectified by Murakami, 1995 as A. riparium Liebm.) , Hymenasplenium cataractarum (Rosenst.) N. Murak., H. hondoense (N. Murak. & Hatanaka) T. Nakaike and H. obliquissimum Hayata (Mitui et al., 1989) , H cardiophyllum (Hance) T. Nakaike (Kato et al. 1990) (Cheng and Murakami, 1998) . The reports of a sexual diploid cytotype of Asplenium laetum from Jamaica (John Crow Mountains) in two specimens with 2n572 and n536 (Walker, 1966 ) and a tetraploid 2n5144, n536 for A. triquetrum in Misiones, Argentina (Guillén and Daviñ a, 2005) , are divergent from the characteristic n539 usually found in the genus/sect. Hymenasplenium and would speak in favor for keeping Asplenium. Cheng & Murakami (1998) , also reported sexual diploids (n536) and tetraploids (n572) of H. costarisorum from southwestern China. However, regarding the position of H. costarisorum and A. laetum in the molecular phylogeny obtained from rbcL sequences by Murakami (1995) , the chromosome number x536 can not be considered a plesiomorphic state of this character in Hymenasplenium, but could be a reversion or a convergence from x539 to x536, as it was interpreted by Cheng and Murakami (1998) . Murakami and Moran (1993) stated that Asplenium laetum is the most common and widely distributed species in the New World, ranging from Mexico to northern Argentina. They identified some variation correlated with geography in continental Neotropical territories, in characters such as pinnae apex and pinnae margins, and affirmed that future studies could reveal that A. laetum consists of several species. In Cuba, Asplenium laetum could hybridize with other species of the genus Asplenium, which seems possible because they share the same chromosome base number, considering the report of n536 for Jamaican specimens (Walker, 1966) or with Asplenium delitescens, although different chromosome base numbers could result in a lower probability of hybridism. However, there is no morphological evidence of intermediate characters in Cuban examined specimens of A. laetum that permit identification of probable parental species. Putative hybrids of A. laetum occur equally frequently in the three distinct ranges in Cuba (Fig. 1) . Distances among the ranges and with other islands of the Greater Antilles or the continental areas of Central America are not a barrier to the high dispersal capacity of fern spores (Tryon, 1970 (Tryon, , 1979 ; therefore any continental or Greater Antilles species has the same opportunity of being one of the parental species of these hybrids. In addition, phylogenies of rbcL sequences by Murakami and Schaal (1994) and Murakami et al. (1999) only reflect the maternal line, and samples may not been checked for putative hybridism. A cytological and nuclear phylogenetic study, covering the whole distribution area of A. laetum, is needed to validate an expected different position of this species, based on a hypothesis of hybrid origin. These analyses including more species would allow also us to understand whether the n536 reported for some Hymenasplenium species is a reversion or a convergence from x539 to x536.
Taxonomical Section.-In this work we agree with previous studies (Murakami, 1995; Murakami et al., 1999; Schneider et al., 2004 and Smith et al., 2006) to recognize Hymenasplenium at a generic rank. The formal combination to Hymenasplenium of all 11 Neotropical species is presented below.
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